Solid waste originated problems are one of the major environmental problems in Turkey. 
Introduction
Municipal solid waste (MSW) can be defined as the waste come from households, institutions such as schools and hospitals; and commercial sources consisting of everyday items such as recyclable wastes (newspaper and magazines, cans, bottles, corrugated cardboard, etc.), food scraps, appliances, hazardous wastes (batteries, light bulbs, paint boxes, etc.) domestic qualified industrial solid waste [1] . Once generated, MSW must be collected and managed via regular disposal methods.
Solid waste management can be defined as to make the waste harmless to the environment and to human health by temporarily storing where they are generated, collecting, transporting and by processing them for gaining material and energy to contribute to the economy. Common management methods of disposal of solid wastes, include recovery for recycling, biological treatment (composting), combustion (with the resulting energy used to generate electricity or steam in some cases), gasification, and pyrolysis or sanitary landfill. The wastes that may be reused or recycled or converted to energy cause loss of materials or energy in case they are disposed in landfill areas. [2] . Four main strategies for Integrated Waste Management System (IWMS) are envisaged to be applied with priority order: waste minimization, material recycling (packaging waste, composting), energy recovery, regular storage, and thermal conversion (combustion, gasification, biomethane energy). Recycling is the process of returning to production of recyclable materials in municipal solid waste via separation. Recycling of biodegradable packaging waste (such as paper and cardboard) instead of irregular or regular storage disposal method, plays an important role in the reduction of greenhouse gas emission in the waste sector. In parallel with the increase in the gross domestic product (GDP) the ratio of packaging waste in the waste stream is increasing. Accordingly, recovery of paper and cardboard at source at high rates (≥ 60%) will further increase the sustainability and the reduction of greenhouse gas emissions in the waste sector. Municipal solid wastes (MSW) constitute ~ 30% by weight and ~ 50% by volume of packaging wastes. A sustainable waste management system requires recovery of the packaging wastes via collecting separately at the source before being mixed with other wastes within the framework of an organized binary dual collection [1] . Recycling increases the service life of waste storage facilities. As a result of effective recycling, the efficiencies of composting, biomethanization and incineration plants as well as the product and ash qualities, increase. Waste management plans are designed to reduce the transmission of bio-wastes to the storage areas and to improve the efficiency of recovery of binary collection system [3] . Thermal recycling (waste incineration, gasification, pyrolysis) of solid waste is the main disposal option due to the great difficulties in selecting landfill sites in the European Union (EU). Landfill is soil-based waste disposal method and can be defined as it uses engineering principles for sanitary disposal of solid waste by confining it to the smallest area via reducing the volume [4] . Regular storage facilities (landfill sites), when designed especially to be operated by a bioreactor, the methane gas can be recovered energy with higher speed. There is no integrated waste management options, which can be applied without regular storage system. Landfill gas (LFG) produced via MSW treatment activities is a significant source of greenhouse gases (GHGs), including mostly methane. Therefore, all treatment activities of MSW can also be turned into an opportunity for reducing GHGs and energy sustainability that is known as "waste-to-energy" (WTE) [5] . In recent years, incentives for energy production from gas produced by anaerobic treatment of organic wastes has accelerated the return of such wastes to a great extent. During the process of methane production in MSW plants, LFG is collected, treated and then used for power production purposes. A typical sanitary landfill diagram is given with Fig. 1 . Figure 1 . Flow diagram of a typical MSW plant based on sanitary landfill modified from Tozlu et.al. [5] Incineration and landfilling methods are the most preferred technologies all over the world today due to their high energy production potentials even if there are high technology new methods are invented. According to the current legislation in Turkey solid wastes management system must be implemented by all the municipalities. Currently, the most of municipal wastes are disposed of by regular storage method. Municipal waste delivered to landfill sites is 61.2% whereas waste delivered to municipality's dumping site 29%. According to TurkStat data, the amount of MSW collected in Turkey, as of the year 2016 is 31.584 thousand ton, 93% of the country's population, while 99% of the municipals' population benefits from waste collection services [6] . In Turkey within the scope of the legislation related to wastes below regulations are available: amount of waste to be stored, prevention of packaging waste generation, in cases where production is inevitable, reusing, recycling and recovery are essential. Additionally giving directly or indirectly, to the receiving environment in a manner that will harm the environment; and storage on landfills of packaging waste are prohibited [7] . According to data from Eurostat, municipal wastes are treated in various methods in the EU 28 in 2014. 28% are recycled, 16% are composted, 27% are incinerated and 28% are landfilled. Furthermore, among the EU countries disposal methods differ significantly, e.g. Netherlands, Germany, Denmark, Belgium, Austria, and Sweden have a share of landfilled waste below 4% [8, 9] . According to 2016 values, there were 134 sanitary landfills, 6 incineration plants, 1516 waste recovery facilities, 7 compost, and 35 co-incineration plants in Turkey. The WTE techniques applied in Turkey by 2016 is summarized in Fig. 2 [6] . MSW management, especially by the way of landfill disposal contribute to the GHG emission reduction via the replacement of fossil fuels with biogas and sustainable energy supply [10, 11] The way of solid waste disposal in landfills may supply energy from landfill biogas utilization. In this case the organic content of the waste is important to compare the benefits of composting and LFG utilization. [12] . The number of the cities those have MSW generated biogas power plants both in Turkey and in the World are increasing due to the sustainable energy concerns. MSW originated biogas power plants take the first place among the licensed biomass power plants in Turkey. One of the examples is in Malatya, there is a 1.2 MW power plant producing electricity from MSW that is being carried out to meet the electricity needs of 15,000 people ([13] Turkey foresees a solution with the Regional Solid Waste Disposal Facilities over the associations that will be formed by more than one municipality. In this context, Edirne Solid Waste Management Union (EDİKAB), in which Edirne Central District, Havsa, Lalapaşa and Süloğlu District Municipalities are involved, was established in order to realize waste management at regional level. This study comprises the municipal solid waste disposal application of The Center, Havsa, Lalapaşa and Süloğlu counties those are all in (EDİKAB), recent MSW management in EDİKAB region is displayed with the current WTE technology applied, giving some concluding remarks.
Materials and Methods

EDİKAB Region and MSW Generation
All counties in Edirne had own unsanitary landfill area. There are two other landfill facilities in Edirne Region. GÜNEKAB has already constructed whereas OREKAB Sanitary Landfill Area is under Construction. EDİKAB is in the north-west side of Turkey in Marmara Region. The map of the region is given with Fig.3 . Total area of the facility that will give service for all urban and rural solid waste of the counties in the Union is 163,873 m 2 (16.4 ha). The facility is 1.5 km away from the nearest town. 11.3 ha is reserved for landfill lots including saddles and 2.0 ha for compost and treatment plant, with fixed facilities (including security and weighbridge, administrative building, wheel washing unit, workshop building, balancing leachate basin, packaging waste sorting facility), 2.5 ha of the area is reserved for roads and the sanitary protection band, and the remaining 0.6 ha is unavailable area which cannot be used as lot of the landfill because of the land's shape. 8 meters width protection band is created around the facility for fire protection. The main units of the facility can be mentioned as below:
1 The total life time of the plant is projected as 30 years with 3 lots. The operation of the facility is under the responsibility of the Union and it will continue over the next 30 years. Due to minimisation of the leachate water every lot was separated into 2 cells. The plant will be the first dried fermentation applied process in Turkey. The leachate treatment plant was also designed and will be constructed according to rainfall statistics and waste data. Population projections has been made until 2045 using various methodologies including arithmetic, geometric, exponential, İller Bank and UNDP (United Nations Development Programme) methodologies. Finally İller Bank Method is decided to be used since it is the most appropriate and used method, the results are given with 300,000 in 2045. According to the projections the rural population of all districts in EDİKAB Region will have a decreasing trend. However, urban and overall population increasing as given with Figure 3 . The urban population is increasing also due to migration from the rural area. The projections are consistent with the statistical data those indicate the urban populations in The Center and Havsa counties have upward trend, whereas Lalapaşa and Süloğlu have downward trend. The amount of solid waste produced and collected by waste vehicles, extremely important in terms of establishing a solid waste management plan. The determination of the quantity plays an important role in the determination of the route of the collection vehicles, in the selection of the collection equipment, in the design of the material recovery facilities and in the determination of the disposal methods [1] . The amount of the solid waste is larger in winter since it contains ash in higher ratio. In the various studies the unit solid waste generation is in the range of 0.80-2.01 kg/capita-day for different cities of Turkey [14] . It has been decided to use 1.2 kg/capita-day value which is in the range and the actual value taken from İstanbul solid waste disposal plant. The urban and rural annual waste generation until 2045 is calculated with gradually increasing assumption. For the rural population including towns and villages the amount of solid waste production is estimated to be 60% of the urban unit solid waste generation. Since collection of the waste at the scattered village houses is difficult (inefficient), maximum 60% of rural waste is assumed to be collected and transferred regularly to the landfill area after the first three years of the waste collection system. 97% of the MSW will be collected by the municipality, while 3% will be recycled by recycling companies. Separately collected packaging wastes will be classified and baled in PW Sorting facility. About 33% of the total MSW in EDİKAB is packaging waste those can be recyclable. However, in the first years, since some of the packaging waste cannot be separated by the binary collection at the source, it will be mixed with other domestic wastes and sent to the storage area. In this case, until the compost plant or refuse derived fuel (RDF) plant is constructed in the landfill area the amount of waste to be stored is calculated by taking the packaging waste ratio 15%. After the composting or RDF plant will be established at the end of 2018, 28% of packaging waste will be recycled, 35% of total organic waste (that is 42% those come from kitchen, park and gardens) will be converted to fuel for compost or cement plants.
Solid Waste Disposal
Plants 2.2.1. Packaging waste collection separation facility Packaging wastes should not be sent to the landfill area and 100% of them should be recovered. Packaging Waste Management plan has been implemented since 2010 in Edirne Central District. In addition to the existing licensed packaging waste collection and separation facility in the region, a second collection separation facility will be installed on the storage area. However, the amount of packaging waste originating from the low efficiency of separate collection that is impurities in household waste (unrecovered packaging waste) was taken into account in the storage capacity. 
Urban
Rural Total volume weight of the extractable garbage is assumed as 0.35 ton/m3 and accordingly, the volume load of the waste is calculated as 400 m3/day. 150 m3/day of this waste will be recovered in the existing licensed packaging waste collection and separation facility, whereas the remaining 250 m3/day will be recovered via the facility to be installed by EDİKAB.
Biodegradable waste management and compost plant
According to the RRSW, regular storage obligation which is under the EU criteria was imposed and the amount of the biodegradable waste to be stored has been reduced by the ratios of 2005 values: 75% in 2015, 50% in 2018, and 35% in 2025. Biodegradable waste including paper, carton, volume carton, kitchen waste, park and garden waste correspond 54% of the total waste generated in the current situation of EDİKAB. The urban population in the EDİKAB region is 141,000, whereas rural population 38,500 in 2005. The organic waste ratio was assumed 45% in 2005. Annual waste amount was calculated according to the Eq.1 as 21,600 ton/year.
WAtotal: ton/year OR: organic waste ratio, % WAu: daily urban waste amount, ton WAr: daily rural waste amount, ton
P: population, capita UWG: unit waste generation, kg/capita-day UWG is assumed 0.8 kg/capita-day for urban area, whereas it is assumed 0.48 kg/capita-day for rural area that is 60% of the urban value. Composting is a recycling process of organic waste such as kitchen and yard wastes including leaves and vegetable scraps via decomposition under the controlled conditions, which keeps the organic waste out of landfills where take up space and release methane, that is a significant greenhouse gas and transforms the organic waste into a productive soil amendment [15] . Waste those will be accepted to the composting plant are:
• Biodegradable waste from households and parksgardens • Waste from marketplace. The compost that becomes ready for distribution is temporarily stored, whereas residual ultimate waste after composting process will send to the sanitary landfill area. After the composting or RDF plant is constructed the amount of recovered or recycled organic waste will significantly exceed the regulation value referred to in the Table 2 . Composting plant capacity will be 1045 ton/year capacity. 
Landfill gas (LFG) generation and disposal
Landfill gas occurs via complex chemical, physical and biological conversion processes of organic substances in the solid waste in the storage area. The basic phases of biochemical decomposition are:
• hydrolysis • acidogenesis • methanogenesis processes. The rate of decomposition is dependent on pH, temperature, moisture and organic content of the litter. It is very difficult to estimate the gas quantities especially in unopened storage areas with technical measurement methods. The typical composition of a landfill gas from municipal solid waste is given in Table  3 . After the landfill of the MSW, initially an aerobic decomposition phase begins and methane generation occurs slowly. Then, typically within less than one year, as anaerobic conditions occur and methane-generation begins to increase [16] . At the beginning, the formation of excess CO2 is the result of aerobic decomposition. After that, the decomposition continues anaerobically and the composition of the gas is quite stable after about 18 months. In the anaerobic treatment process compost and liquid fertilizer are also produced with biogas with 50-55% CH4 content. After the methane content of the biogas produced from the waste has been enriched, the use as vehicle fuel is another evolving application. The typical percentages of the LFG components are given in Table 4 . The amount of methane gas to be produced for the projected years can be quantified by the Eq. (3). [14, 17] .
Gt: cumulative LFG gas production with time t, m 3 /t MSW 1868: the gas production rate resulting from decomposition of organic waste (m 3 biogas kg -1 C) (note that 22.4 L biogas mol -1 )/(12 g C mol -1 )=1.868 L biogas g -1 C) Co: organic carbon content in MSW, (kg C/ton waste,-typical production rate is 170-220 kg C/ton MSW). t: time, year k: decomposition constant (rate), t -1 This way Co calculation is based on the carbon content of biodegradable organic waste. The temperaturedependent decomposition rate in 0 C is (0.014T+0.28) According to general observations in the landfill areas, gas production begins about 2 and 6 months. It is assumed that there is a transition period of one year between the dates MSW begin to be stored and the gas production normally begins. The landfill gas amount for the projected years is calculated basing on the following assumptions:
• Co is assumed 200 kg organic carbon/ton MSW • T=26 0 C and k is 0.03 year -1 Fig.  5 . The LFG (landfill gas) that can be produced in Edirne from MSW is estimated 3.8 million m 3 and 7.3 million m 3 and 15 million m 3 in 2020, 2030 and 2045, respectively [14] . In EDİKAB, sanitary landfill has 1.65 MW installed power for electricity generation. The plant will be the first dried fermentation applied process in Turkey. Figure 5 . Typical landfill gas production curve at laboratory scale Gas collection chimneys Gas collection system will be built in the storage area with vertical wells. Gas chimneys will be installed 2-3 m above the laid waste on the floor of the storage area during operation. Waste battery and hazardous waste storage area 16 m 2 reinforced concrete floor will be constructed for mobile battery storage placement. Over the area will be covered by corrosion resistant steel construction. Collection and transportation of solid waste If the amount of waste is small and the distance to the disposal area is not too far away, direct transportation of the waste is more economical. However, on a certain distance and when the waste is excessive, the solid waste transfer center is becoming more economical via transport with large tonnage vehicles. The waste quantities and the distances of the municipalities to the landfill area are given in Table 5 . Havsa Municipality, which is the farthest, is 35 km and Süloğlu Municipality is 30 km away from the storage area. However, since these municipalities have a small amount of waste, they can transfer their wastes directly to the storage area. The waste of Edirne Center will be directly transferred to the landfill area with collection trucks since The Center is 8 km far away to the storage area and has the largest amount of waste. Consequently, it has been decided that there is no need for a transfer center for EDİKAB. Monitoring and Control Processes During Operation and After Shutdown will comply with the current regulations in the MSW Disposal Plant. Considering the quantity and characteristics of the leachate, a membrane bioreactor (MBR) treatment system plant will be installed. The medical wastes currently collected in the region are disposed at the Medical Waste Sterilization Facility. In the storage region, a special area that can be used for sterilization facility has been left for future landfill.
3. CO2 emissions reduction potential 3.1. Calculation of the CO2 emissions from LFG GHG emissions are calculated by using yearly based generation of CO2 and CH4 components of LFG given with Table 4 (those are 51% CO2 and 48% CH4 after the first 5 years values) for the years 2020, 2030 and 2045. 2016 is assumed as the first year of the gas collection. Changes in the CO2 emissions are compared by two scenarios. Scenario 1 can be defined as the worst case from the point of GHG emissions, in case of LFG is directly given to the atmosphere and emitting CH4 and CO2 where coal is the energy source for electricity production and emitting CO2. In Scenario 2, MSW-originated emissions are avoided and CO2 emissions are occurring only from LFG-fired electricity generation which is offsetting coalfired power. The possible greatest GHG reduction potential of Scenario 1 is calculated by subtracting the total CO2 emissions of Scenario 2 from Scenario 1 (the largest GHG emission case). For Scenario 1, the masses of CO2 and CH4 are calculated from the volumes of LFG obtained by Eq.3 and the fraction of the gasses given in Table 4 (Eq.4). The densities are assumed 0.7167 kg/m 3 and 1.9768 kg/m 3 for CH4 and CO2, respectively [14] . "Carbon dioxide equivalent" (CO2e) term is used for expressing different GHGs in a common unit. Global warming potential (GWP), that is the amount of warming a gas causes over a given period of time (normally 100 years) of CH4 is 28 [18] The quantity of a GHG can be expressed as CO2e by multiplying the amount of the GHG by its GWP. Thus CO2e of CH4 is calculated by multiplying the mass of CH4 by 28 4 with a similar value used in Ref. [22] . The energy from CH4 produced by LFG assumed to be converted to electricity with an efficiency (ɳ) of 40% [23, 24] . The electricity that can be produced from biogas can be found with the Eq. 5.
E LFG = CH4 * 10 * ɳ (5) ELFG: electricity generation from LFG, kWh/year 10: Energy content of CH4, kWh/ m 3 CH4 ɳ: conversion efficiency of LFG to electricity, 40% The electricity generation by years are given with Fig. 6 . The CO2 emissions occurring in case of the electricity production from CH 4 can be calculated with the Eq.6. LFGE CO2 = (E LFG * 0.9)/1000 (6) LFGECO2: CO2 emissions from CH4-fired electricity generation ton/year 0.9: Emission factor of CH4, kg CO2/kWh [21] To determine the amount of coal for electricity generation for Scenario 1 producing the same amount of electricity from CH4 as generated in Scenario 2, the average efficiency of the conversion from coal to electricity of 33% was used in Eq. 7 [25] [26] [27] .
CECO2: CO2 emissions from coal-fired electricity generation ton /year 0.33 is conversion efficiency of the coal to the electricity 1 is emission factor of coal, kg CO2/kWh [23] For Scenario 1 the total CO2 emissions are the sum of the emissions obtained from Eq.4 and Eq.7. For Scenario 2 the CO 2 emissions are calculated from Eq.6 and all given with the 4. Results and Conclusion GHG emissions are compared by two scenarios for EDİKAB Region. In the first one that can be mentioned as the worst-case scenario (Scenario 1) GHG emissions including CH4 and CO2 is directly given to the atmosphere with the assumption of the municipal solid waste (MSW) of EDİKAB is not disposed by sanitary landfill method and the coal is the main energy source for electricity generation. In the Scenario 2, is the case of disposing MSW of EDİKAB by sanitary landfill method which avoids GHG and generates LFG. LFG-fired electricity generation is the only source of CO2 emissions. The differences in Scenario 1 and Scenario 2 those mean reduced CO2 emissions are summarized in the Fig. 8 One of the primary goals of Turkey in the waste management of the year 2023 is to reduce the amount of waste sent to the landfill area by increasing the amount of waste to be recycled, increasing the efficiency of the separate collection at the source. Besides, management of the MSW with the construction of the landfill areas to reduce the negative environmental impacts in regions where waste delivered to the dumping sites. The realization of the separate collection of the MSW at source will be economically beneficial via both composting and recycling. According to TurkStat data, the amount of municipal solid waste (MSW) collected in Turkey, as of the year 2016 is 31.584 thousand ton, 93% of the country's population, while 99% of the municipals' population benefits from waste collection services. Initially the rate of population served by municipal waste services in total population should be 100%, which is 93% in 2016. The key issues for the sanitary landfill facilities include the efficient design and efficient afterclosure monitoring systems. Today's modern sanitary landfills where hazardous liquids and solid wastes are not accepted; including LFG and leachate control systems are completely different from the old open (wild) dumping areas. The storage ground should be completely impermeable and there should be an effective underground water quality monitoring system. In this sense, the EDİKAB example is suitable for principles and legislation of the sanitary landfill areas. Priority is given to the use of relatively high energy content waste such as food waste from municipal wastes, wastes from food industry in biogas production. In EDİKAB regional planning, animal manure and agricultural waste with high energy potential should be considered.
